Background-Clopidogrel inhibits intimal hyperplasia in animal studies and therefore may reduce saphenous vein graft (SVG) intimal hyperplasia after coronary artery bypass grafting. The Clopidogrel After Surgery for Coronary Artery DiseasE (CASCADE) study was undertaken to evaluate whether the addition of clopidogrel to aspirin inhibits SVG disease after coronary artery bypass grafting, as assessed at 1 year by intravascular ultrasound. Methods and Results-In this double-blind phase II trial, 113 patients undergoing coronary artery bypass grafting with SVGs were randomized to receive aspirin 162 mg plus clopidogrel 75 mg daily or aspirin 162 mg plus placebo daily for 1 year. The primary outcome was SVG intimal hyperplasia (mean intimal area) as determined by intravascular ultrasound at 1 year. Secondary outcomes were graft patency, major adverse cardiovascular events, and major bleeding. One-year intravascular ultrasound and coronary angiography were performed in 92 patients (81.4%). At 1 year, SVG intimal area did not differ significantly between the 2 groups (4.1Ϯ2.0 versus 4.5Ϯ2.1 mm 2 , aspirinclopidogrel versus aspirin-placebo, Pϭ0.44). Overall 1-year graft patency was 95.2% in the aspirin-clopidogrel group compared with 95.5% in the aspirin-placebo group (Pϭ0.90), and SVG patency was 94.3% in the aspirin-clopidogrel group versus 93.2% in the aspirin-placebo group (Pϭ0.69). Freedom from major adverse cardiovascular events at 1 year was 92.9Ϯ3.4% in the aspirin-clopidogrel group and 91.1Ϯ3.8% in the aspirin-placebo group (Pϭ0.76). The incidence of major bleeding at 1 year was similar for the 2 groups (1.8% versus 0%, aspirin-clopidogrel versus aspirin-placebo, Pϭ0.50). Conclusions-Compared with aspirin monotherapy, the combination of aspirin plus clopidogrel did not significantly reduce the process of SVG intimal hyperplasia 1 year after coronary artery bypass grafting. Clinical Trial Registration-URL: http://www.clinicaltrials.gov.
C oronary artery bypass grafting (CABG) is an effective treatment for ischemic heart disease; however, the longterm results of CABG are compromised by the process of saphenous vein graft (SVG) disease. [1] [2] [3] In some series, up to 20% of SVGs occlude within the first year after bypass surgery. 4, 5 By 10 years after surgery, only 60% of SVGs are patent, and half of those that are patent have clinically important stenosis. 1, 2 As a result of graft and native vessel attrition, patients who have previously undergone CABG are at risk for subsequent ischemic events. 1, 2 
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The process of SVG disease is composed of 3 interlinked stages: Thrombosis, intimal hyperplasia, and atherosclerosis. 1, 2 Early graft thrombosis can occur soon after CABG owing to focal endothelial disruption. 2 Grafts that survive this early period subsequently develop a platelet-mediated progressive thickening of the vessel wall termed intimal hyperplasia. Intimal hyperplasia involves smooth muscle cell proliferation and extracellular matrix protein synthesis, which forms a template for the devel-opment of atherosclerosis. 2, 6, 7 Vein graft atherosclerosis generally develops 3 to 5 years after CABG, but atheromatous plaques have been identified as early as 1 year after surgery. 2 Therefore, the process of intimal hyperplasia, by its links to SVG narrowing, atherosclerosis, and eventual occlusion, may represent a novel target for the inhibition and prevention of SVG disease after CABG.
In cell culture experiments 8 and in animal models of thrombosis, 6, 9, 10 clopidogrel has been shown to inhibit the process of intimal proliferation and smooth muscle hyperplasia. Aspirin, on the other hand, does not inhibit intimal hyperplasia. 6, 11 To date, no clinical study has evaluated whether clopidogrel inhibits SVG intimal hyperplasia or improves angiographic graft patency after CABG. 12 In the Clopidogrel After Surgery for Coronary Artery DiseasE (CASCADE) study, we conducted a double-blind, placebo-controlled phase II clinical trial to evaluate whether the addition of clopidogrel to aspirin inhibits the development of SVG disease. 3 Using intravascular ultrasound (IVUS), we assessed the process of SVG intimal hyperplasia 1 year after CABG. Secondary end points were angiographic graft patency, major adverse cardiovascular events, and safety outcomes.
Methods

Study Population
The CASCADE trial was conducted at the University of Ottawa Heart Institute, Ottawa, Canada, and at Hôpital Laval, Quebec City, Canada, from May 2006 to July 2009. Details of the study design and eligibility criteria have been published previously. 3 Briefly, patients were eligible for study enrollment if they were scheduled to undergo first-time multivessel CABG with at least 2 SVGs, with or without the use of cardiopulmonary bypass. Patients were ineligible if they required valve surgery or long-term anticoagulation. Endoscopic SVG harvesting was not used in the study. Preoperative aspirin therapy was not withheld in the days that preceded surgery. The institutional review board of each participating surgical center approved the study protocol. Each patient provided written informed consent before enrollment.
Study Design
Postoperatively, patients were randomly assigned to receive either clopidogrel 75 mg or an identical-looking placebo once daily, starting on the day of surgery, for a duration of 1 year. All patients also received enteric coated aspirin 162 mg daily for the entire study period. Aspirin and the study medication were first administered when the postoperative chest tube drainage had decreased to less than 50 mL/h for 2 consecutive hours and was continued on a daily basis. A bolus of clopidogrel was not incorporated into the treatment protocol to minimize the risk of perioperative bleeding.
After hospital discharge, patients were followed up with clinic visits at 1, 6, and 12 months after surgery to document clinical events and ensure medication compliance. Home assessments were performed via telephone at 3 and 9 months. Patients were treated according to current guidelines, 13 including the use of ␤-blockers and lipid-lowering therapy as tolerated. At 1 year, patients returned for a postoperative coronary angiogram and IVUS.
Randomization and Masking
Randomization was stratified according to the surgical center, the presence or absence of diabetes mellitus, and the use or nonuse of cardiopulmonary bypass during CABG. A block randomization schedule was generated by use of SAS 9.1 software (SAS, Cary, NC). Treatment assignment was coordinated by the hospital pharmacies, and all patients and study personnel were blinded to the treatment assignment. The extent of platelet inhibition was not assessed in the present study to avoid unmasking the patients' assigned treatment regimen.
Intravascular Ultrasonography
IVUS was used to assess the area of SVG intimal hyperplasia 1 year after surgery. Angiography was performed during the same session before IVUS to examine the native coronary arteries and the patency of all bypass grafts. A sequence randomization scheme was then used to determine which SVG would be evaluated by IVUS. 3 The IVUS studies were performed with a 40-MHz imaging catheter (Atlantis SR Pro, Boston Scientific, Natick, Mass). The IVUS catheter was advanced into the graft, and study images were recorded with a validated motorized pullback device at 0.5 mm/s. Subsequently, using digitized images in a core laboratory, expert analysts blinded to the treatment assignment performed manual planimetric measurements of cross sections spaced at 1.0-mm intervals, in accordance with established standards. 14 With the aorto-ostial anastomosis as a landmark, the most proximal 40 mm of the assigned SVG was analyzed. For each analyzed cross section, the lumen and external elastic lamina area were measured, and the area of intimal hyperplasia was determined (Figure 1 ). Mean intimal area per patient was calculated for the 40-mm analyzed segment.
Outcomes
The primary outcome of the study was mean SVG intimal area per patient. Secondary outcomes were angiographic SVG patency, major adverse cardiovascular events (cardiovascular death, myocardial infarction, cerebrovascular accident, hospitalization for coronary ischemia, and need for coronary intervention), and episodes of major and minor bleeding. Bleeding events were recorded according to the CURE (Clopidogrel in Unstable angina to prevent Recurrent Events) trial definitions. 15 All end points were adjudicated in a blinded fashion.
Statistical Analysis
We compared follow-up measures and clinical outcomes on an intention-to-treat basis according to the randomization study group assignment. Vein graft intimal area was compared between the study groups by use of a 2-sided Student t test. Parametric continuous variables were compared with a 2-sided Student t test. Continuous data determined to be nonparametric (on the basis of the ShapiroWilk normality test) were compared between groups with a 2-sample Wilcoxon rank sum test. An ANCOVA was used to compare continuous variables after controlling for statistically significant covariates (ie, age). Categorical variables were compared with a Fisher's exact test. To account for the within-patient correlation, vein graft patency data were analyzed by logistic regression fit with generalized estimating equations methods. Time to major adverse cardiovascular event was determined for the study groups by the Kaplan-Meier method, and groups were compared with a log-rank test. A hazard ratio was calculated and is reported along with the 95% confidence interval. All reported probability values are 2-sided.
Further analyses were performed with the exclusion of off-pump patients, to account for patients who withdrew or prematurely discontinued the study drug during the trial ("on-protocol" analysis), and to adjust for randomization stratification factors (surgical center, the use of cardiopulmonary bypass, and the presence of diabetes mellitus). Lastly, additional sensitivity analysis was performed to account for missing data. If all SVGs were occluded at the time of the 1-year angiogram, then the mean value or 5 times the mean was imputed for the primary outcome (intimal area). Insertion of 5 times the mean led to skewing of the data, and therefore, the 2-sample Wilcoxon rank sum test was used for the latter analysis.
The sample size of the CASCADE trial was determined by use of intimal hyperplasia reference values reported in the literature. With IVUS, Hozumi et al 16 determined that the mean intimal area of angiographically normal SVGs 1 year after CABG was 5.26 mm 2 , with a standard deviation of 1.38 mm 2 . Anticipating this degree of SVG intimal area at 1 year, 37 patients in each study group were required to detect a relative treatment difference of 20% in the primary outcome, at a power of 90% and 2-sided ␣ϭ0.05. Assuming a dropout rate of 35% or more, a total of 110 randomized patients were required.
All authors had full access to the study data and take full responsibility for the integrity of the data and the accuracy of the data analysis. All authors have read and agree to the manuscript as written.
Results
Patients
From May 2006 to July 2008, 113 patients were randomly assigned to receive either aspirin plus clopidogrel (56 patients) or aspirin plus placebo (57 patients; Figure 2 ). The use of medications at baseline and demographic characteristics were similar in the 2 treatment groups, except for patient age (Table 1) . Postoperatively, the use of medications did not differ between the 2 groups ( Table 2 ). More than 90% of patients received statins and ␤-blockers after CABG.
IVUS and Angiography
One-year angiography was completed in 46 patients (82.1%) in the aspirin-clopidogrel group and in 46 patients (80.7%) in the aspirin-placebo group, with a total of 323 grafts examined. IVUS was performed in 90 (97.8%) of the 92 patients who underwent follow-up angiography. The 2 patients who had 1-year angiography but who did not concomitantly undergo IVUS presented the following issues: 1 patient (aspirin-placebo group) was found to have both SVGs occluded at the time of follow-up angiography, and the second patient (aspirin-placebo group) had 2 patent SVGs, but neither could be cannulated safely for the IVUS procedure because of technical factors.
As shown in relative difference Ϫ7.6%, 95% confidence interval Ϫ26.9% to 11.7%).
Overall graft patency was 95.2% in the aspirin-clopidogrel group and 95.5% in the aspirin-placebo group (Pϭ0.90). One-year internal thoracic artery graft patency was 96.6% in the aspirin-clopidogrel group and 100% in the aspirinplacebo group (Pϭ0.50). One-year SVG patency was 94.3% in the aspirin-clopidogrel group compared with 93.2% in the aspirin-placebo group (Pϭ0.69). Table 4 summarizes the study clinical outcomes, adverse events, and reasons for study medication discontinuation. In the aspirin-clopidogrel group, 3 patients (5.3%) had a perioperative myocardial infarction; however, these patients all had patent grafts at 1-year angiography. One additional patient presented with a non-ST-elevation myocardial infarction 7 months after surgery. All grafts were patent at angiography, and percutaneous coronary intervention was performed for a new circumflex coronary artery lesion. In the aspirin-placebo group, 3 patients (5.3%) required hospitalization for coronary ischemia (1 myocardial infarction), including the aforementioned patient who had 2 occluded SVGs at the time of angiography. Stenting of 1 SVG and of the native left main coronary artery was performed in this patient. Two additional patients (3.5%) developed a cerebrovascular accident 5 days and 2 months after surgery, respectively, the latter of whom died of stroke complications 7 months later.
Clinical Outcomes
Overall, the frequency of major adverse cardiovascular events was not different between the 2 study groups. Freedom from major adverse cardiovascular events at 1 month and at 1 year was 94.6Ϯ3.0% and 92.9Ϯ3.4%, respectively, in the aspirin-clopidogrel group, compared with 98.2Ϯ1.7% and 91.1Ϯ3.8%, respectively, in the aspirin-placebo group (hazard ratio 0.8, 95% confidence interval 0.2 to 3.0, Pϭ0.76). The study drug was discontinued in 10 patients (17.9%) in the aspirin-clopidogrel group and in 12 patients (21.1%) in the aspirin-placebo group (Pϭ0.81).
Perioperative Bleeding
In the early postoperative period, the amount of chest tube drainage after study drug administration was significantly greater in the aspirin-clopidogrel group (median 400 mL; first and third quartile 270 and 560 mL) than in the aspirinplacebo group (median 260 mL; first and third quartile 200 and 380 mL; Pϭ0.006). However, there was no significant difference in the amount of packed red blood cells required postoperatively between the aspirin-clopidogrel group (median 0 U; first and third quartile 0 and 0 U) and the aspirin-placebo group (median 0 U; first and third quartile 0 and 1 U; Pϭ0.57). There was also no difference in the postoperative transfusion rate (23.2% versus 33.3%, aspirinclopidogrel versus aspirin-placebo, Pϭ0.30). One patient (1.8%) in the aspirin-clopidogrel group required reopening for bleeding in the early postoperative period. The reopening was performed before the administration of the study medication. 
Late Bleeding Events
During follow-up, the incidence of major and minor bleeding events did not differ between the study groups. Major bleeding occurred in 1 patient (1.8%) in the aspirinclopidogrel group compared with none in the aspirin-placebo group (Pϭ0.50). Minor bleeding occurred in 3 patients (5.4%) in the aspirin-clopidogrel group and in 3 patients (5.3%) in the aspirin-placebo group (Pϭ1.0).
Sensitivity Analysis
Adjustment for patient age in an ANCOVA did not reveal a significant association between clopidogrel and intimal area (Pϭ0.61). Adjustment for stratification factors (surgical center, use of cardiopulmonary bypass, and the presence of diabetes) also did not lead to a significant association between clopidogrel and intimal area (Pϭ0.26). Exclusion of 
Discussion
CASCADE is the first randomized controlled trial to evaluate the impact of clopidogrel on the process of SVG disease after CABG using postoperative angiography and IVUS. We found that the addition of clopidogrel to aspirin did not lead to a significant reduction in intimal hyperplasia at 1 year compared with aspirin alone. Although CASCADE was not powered for angiographic or clinical outcomes, we also did not see a significant difference in SVG patency or cardiovascular events between the 2 treatment groups.
Vein graft intimal hyperplasia is a platelet-mediated process characterized by progressive wall thickening. 2, 6 Beginning within days after surgery, the proliferation of smooth muscle cells and the production of extracellular matrix proteins form a template for SVG atherosclerosis. 2, 7 Clopidogrel inhibits intimal proliferation and smooth muscle hyperplasia in cell culture experiments. 8 In animal models of thrombosis, clopidogrel but not aspirin inhibits intimal proliferation and smooth muscle hyperplasia after arterial endothelial injury. 6,9 -11 Through the concurrent inhibition of both the thromboxane A2 and ADP pathways, the combination of aspirin plus clopidogrel leads to an enhanced antithrombotic and antiproliferative effect. 6, 10 Despite these experimental findings, clopidogrel was not associated with a significant reduction in SVG intimal hyperplasia in vivo, as assessed in CASCADE 1 year after CABG. Whether clopidogrel prevents SVG atherosclerosis or improves late graft patency cannot be determined from the present study.
Previous randomized controlled trials have assessed dualantiplatelet therapy with clopidogrel and aspirin for patients with cardiovascular disease. No clinical benefit was noted in 2 studies that evaluated combination antiplatelet therapy for patients with atherosclerotic risk factors and cerebrovascular, coronary, or peripheral vascular disease compared with aspirin alone. 17, 18 In contrast, the combination of clopidogrel and aspirin significantly improved outcomes compared with aspirin alone in patients undergoing percutaneous coronary intervention 19 and in patients with acute coronary syndrome. 15, 20, 21 For patients undergoing CABG, current guidelines recommend aspirin monotherapy in doses of 75 to 162 mg daily starting within 48 hours of surgery 22 ; however, for patients who undergo urgent CABG after hospitalization with acute coronary syndrome, the guidelines recommend postoperative treatment with clopidogrel 75 mg daily for 9 to 12 months in addition to aspirin. 23 This suggestion has been based primarily on data from the CURE trial, which demonstrated that dual-antiplatelet therapy was beneficial in reducing adverse outcomes in patients who presented with acute coronary syndromes and ultimately underwent CABG. 15 Nevertheless, that benefit was entirely preoperative while patients were awaiting surgery, and no benefit for clopidogrel was demonstrated for CURE patients after CABG. 24 Clopidogrel is frequently prescribed by surgeons after CABG in the belief that it will prevent graft occlusion and possibly improve clinical outcomes. 12, 25 Although prospective randomized controlled trial data have been lacking in the field, 12 previous observational studies in the cardiac surgery literature have suggested that clopidogrel may improve postoperative outcomes. [25] [26] [27] In a case series of off-pump CABG patients, Ibrahim et al 26 demonstrated that the addition of clopidogrel to aspirin was associated with a trend toward improved SVG patency 6 months after surgery. Similarly, in an observational study, Gurbuz et al 27 noted that postoperative clopidogrel was associated with less symptom recurrence and fewer adverse cardiac events. Moreover, post hoc subgroup analyses from multicenter randomized controlled studies have suggested a benefit associated with clopidogrel in patients with a history of CABG or in patients who underwent CABG after trial enrollment. 24, 28, 29 Most recently, Gao et al 30 reported the results of a nonrandomized trial in which 197 patients were assigned to either clopidogrel 75 mg or clopidogrel 75 mg plus aspirin 100 mg daily after surgery on the basis of a weekly alternating-treatment scheme. Similar to the results of CASCADE, 1-year SVG patency did not differ between the 2 groups (93.5% versus 96.3% for clopidogrel alone versus clopidogrel plus aspirin, Pϭ0.25) as assessed by computed tomography angiography. 30 The CASCADE study has limitations that should be taken into account when interpreting the results. The sample size of the trial was determined on the basis of the only available published values for SVG intimal hyperplasia at 1 year. Compared with the results of the small study by Hozumi et al 16 (5.3Ϯ1.4 mm 2 ), we found lower values and greater variability for SVG intimal area at 1 year (4.3Ϯ2.1 mm 2 ). Dissimilar values for SVG intimal area at 1 year in the present study may be explained by our larger sample size, the different patient population, and the use of different IVUS equipment.
The results of CASCADE cannot conclusively exclude an inhibitory effect of clopidogrel on the development of SVG disease after CABG because the study may have been underpowered. Indeed, a nonsignificant 7.6% relative reduction in SVG intimal hyperplasia at 1 year was noted with the addition of clopidogrel to aspirin. This could represent a potential signal of physiological benefit, and we estimated, on the basis of these data, that 450 patients in each study arm would have been required to achieve statistical significance (PϽ0.05, power 90%). Newer antiplatelet agents such as prasugrel 31 or ticagrelor 32 may prove to be more effective at inhibiting SVG graft intimal hyperplasia by providing more consistent inhibition of the P2Y 12 receptor. To this end, CASCADE provides data pertaining to SVG intimal hyperplasia at 1 year that are current and based on a greater number of subjects than previously available. These data may be of use for the design of future IVUS trials to evaluate the pharmacological inhibition of SVG disease after CABG.
Complete angiographic follow-up was not achieved in the CASCADE study; however, the angiography rate of 81% compares favorably with recently published post-CABG trials that reported rates of 76% to 78% 1 year after surgery. 4, 5 Although no angiographic or clinical benefit was associated with the use of clopidogrel in CASCADE, outcome differences were not anticipated because the study was powered to detect a difference in the process of SVG intimal hyperplasia. As is evident in Figure 2 , a number of patients who were evaluated for enrollment in CASCADE did not meet the study eligibility criteria. This mainly relates to the frequent use of arterial conduits during CABG at the 2 participating centers, with relatively few patients meeting the inclusion criteria that mandated the use of at least 2 SVGs. Finally, endoscopic SVG harvesting was not used in the CASCADE study, although it is commonly used at other centers. The subject of controversy, the use of endoscopic harvesting has been reported to adversely impact SVG patency. 33 In summary, the CASCADE trial indicated that compared with aspirin monotherapy, the combination of aspirin plus clopidogrel did not significantly reduce SVG intimal hyperplasia 1 year after CABG. A larger trial with clopidogrel or newer antiplatelet agents with purported advantages over clopidogrel may constitute important areas for future research targeting the inhibition of SVG disease after CABG.
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